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Abstract
Objective: To explore mediators of gender and educational differences in sugar-
sweetened soft drinks consumption (SDC) and whether gender and level of future
education moderate the associations of accessibility, modelling, attitudes and
preferences with SDC.
Design: A cross-sectional school-based survey within the Fruits and Vegetables
Makes the Marks (FVMM) project from 2005.
Setting: The questionnaires were completed by the pupils in the classroom guided
by a trained project worker during one class session. The questionnaire included
questions on SDC (times/week), the potential mediators and moderators. Multilevel
linear regression models were used to calculate the mediating and moderating
effects.
Subjects: A total of 2870 children in 9th and 10th grade (mean age 15?5 years) at
thirty-three Norwegian secondary schools were included in the present study.
Results: Girls (B521?06) and pupils planning higher education (B520?69)
reported lower frequency of SDC. The strongest mediators were accessibility and
modelling for future educational plans differences (explaining alone respectively
69% and 44%) and attitudes and preferences for gender differences (explaining
alone respectively 57% and 51%). Significant but small moderating effects
were found, and all associations between the mediators and SDC were in the
same direction for both genders and for those with and without plans of higher
future education.
Conclusions: Preferences and modelling may contribute to gender and educa-
tional differences in SDC. The small moderating effects indicate that interventions
aiming to reduce SDC can target the same mediators for boys and girls and
children planning different levels of future education.
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Sugar-sweetened carbonated soft drinks consumption
(SDC) has been associated with increased energy intake
and body weight, lower intake of several nutrients and an
increased risk of type 2 diabetes(1), dental caries and
potential enamel erosion(2).
The WHO recommends a maximum of 10% of energy
intake from free sugars(3). A study among 8th graders in
Norway showed that 18% of energy intake came from
free sugars; for 89% of the children more than 10% of
energy intake was from free sugars, and soft drinks con-
tributed 30% to total added sugar intakes(4). Studies in
other countries also show high sugar intakes among youth
and have reported an increase in SDC among children and
adolescents(5) as well as an increase in availability of soft
drinks(6) in recent years.
Earlier studies further show that boys drink more soft
drinks than girls(7,8), that consumption of soft drinks increa-
ses with age(5,8,9) and that youth from lower socio-economic
groups drink more soft drinks(7,10,11). It has also been
reported among younger adults that, compared with low
consumers of sugar-sweetened soft drinks, the high con-
sumption group has a lower proportion of physically active
individuals and a higher proportion of regular smokers(12).
The Fruits and Vegetables Make the Marks (FVMM) project
indicated that gender, educational plans, dieting, accessi-
bility at home, parental and peer modelling, attitudes and
preferences all were strong correlates of adolescents’ SDC(7).
Preferences(8), attitudes(13–16) and modelling(8,17,18) have
been found to be associated with SDC among adolescents
in other studies as well. Furthermore, children attending
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lower levels of education are more likely to drink soft
drinks than higher education students(7).
In order to reduce SDC among children and adolescents
more insight is needed into what may explain the gender
and educational differences in SDC. Based on health
behaviour theory and the previous findings of other studies
outlined above we know that the adolescents’ perceived
home accessibility, example behaviour by parents and
friends (modelling), attitudes and preferences of soft drinks
are associated with SDC. Additionally, given the fact that
such potential determinants have also been found to differ
according to gender and level of education, we aimed to
explore these determinants/correlates further regarding
whether they also were associated with gender and future
educational plans in the present sample, and if these medi-
ated the intake differences according gender and education.
The aims of the present study were therefore to explore
whether accessibility, modelling, attitudes and preferences
can explain the differences in SDC according to gender and
the pupils’ anticipated level of secondary education. The
EnRG framework(19) posits that sociodemographic variables
can importantly moderate determinant–behaviour relation-
ships. Gender as well as level of education has been found
to be an important moderator of health behaviour change in
earlier studies, and interventions are often tailored to level of
education or gender. Due to the large gender and socio-
economic differences in SDC we wanted to explore whether
gender and the pupils’ further educational plans moderate
the association between the potential mediators and SDC
in the present study. The study therefore also explored
whether the associations of accessibility, modelling, atti-
tudes and preferences with SDC differ according to gender
and level of anticipated further education (Fig. 1).
Methods
Study sample and procedure
The data are from the third follow-up measurement (2005
survey) of the Fruits and Vegetables Make the Marks
(FVMM) project. Pupils from 9th and 10th grade (mean
age estimated to 15?5 years) of thirty-three lower secondary
schools in Hedmark and Telemark counties participated.
A total of 2870 pupils completed the school-based ques-
tionnaire with 51?1% boys, 51?1% 9th graders and 49?1%
pupils who planned to enrol in higher levels of further
education after graduation from lower secondary school.
The questionnaire was completed by the pupils in the
classroom guided by a trained project worker in one school
class session (45min).
Measurements
The questions on potential determinants/mediators in the
survey questionnaire were based on focus groups inter-
views among 9th and 10th graders and a pre-test of the
questionnaire(7). Frequency of SDC, home and school
social and physical environmental and personal potential
determinants of SDC were included in the questionnaire,
as well as sociodemographic factors and gender.
Main outcome variable: frequency of sugar-sweetened
soft drinks consumption
Two separate questions were included in the questionnaire
to be able to distinguish between the pupils’ consumption
of sugar-sweetened soft drinks and artificially sweetened
soft drinks. Weekly frequency of SDC among the pupils was
assessed with one question: ‘How often do you drink soft
drinks?’ The response categories for this question had ten
alternatives ranging from ‘never’, ‘less than once per week’,
‘once per week’ y to ‘every day’ and ‘several times per
day’. The score of this variable ranged from 0 (never), 0?5
(less than once per week), 1 (once per week)y to 7 (every
day) and 10 (several times per day). Test–retest results
from a study among 6th graders(20) showed an intraclass
correlation of 0?72 between two assessments 14 d apart.
Potential moderating variables: sociodemographic
factors
The pupils were asked to indicate their plans for further
education (future education) after graduation from secondary
Potential
determinants/mediators:
Accessibility
Modelling
Attitudes
Preferences
Independent variable:
Gender
Future educational plans
Outcome variable:
Soft drinks
consumption
Potential moderators:
Gender
Future educational plans
Fig. 1 Model of the potential determinants, mediators and moderators of soft drinks consumption
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school: ‘university or college’, ‘technical or vocational
education’, ‘no further education’ and ‘others’. This vari-
able was dichotomized into higher education (university/
college; score5 1) or not (score5 0). The pupils reported
their gender (girl, score5 1; boy, score5 0).
Potential mediators
Perceived accessibility at home of soft drinks was assessed
by three questions (Cronbach’s a50?70(7)). Modelling, i.e.
descriptive norms from important others, was assessed with
four items (Cronbach’s a50?68(7)). Attitudes was assessed
by three statements (Cronbach’s a50?65(7)). For these
mediators, mean scores were calculated if at least two
items were completed, excluding thirty-nine, eighty-six
and thirty-six pupils for accessibility, modelling and
attitudes, respectively. Preferences was assessed by one
question. The questions/statements, ranges and scores of
all the potential mediators are presented in the Appendix.
Statistical analyses
First, regression models were used to estimate the overall
relationship of future education and gender with SDC
(path c; Fig. 2). Second, the relationship of future edu-
cation plans and gender with the potential mediators
(path a) was estimated. Third, the relationship between
the potential mediators and SDC (path b) was calculated
in a model including the mediator and the predictor. This
also provided the direct relationship of future education
and gender with SDC (path c0). Mediated effects were found
by means of the product-of-coefficients method(21). The
standard error term was calculated by the equation(22):
SE5
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b2s2a þ a2s2b þ s2as2b
q
, where a and b are unstandar-
dized regression coefficients and sa and sb are their standard
errors. The SE was used to construct a 95% confidence
interval for the mediated effects. Single and multiple
mediator models were run and proportion mediated was
calculated as a  b=c and as P ða  bÞ = c.
To allow interpretation of first-order effects of the
moderator (future education or gender) and predictor as
average effects, the predictor (accessibility, modelling,
attitudes and preferences) variables were standardized.
Interaction terms were calculated between the standardized
predictor variables and the potential moderator. To test
whether future education and/or gender were moderators
of the association of accessibility/modelling/attitudes/
preferences with SDC, a three-step approach was applied.
The standardized variable (Z-score) of the predictor was
entered first, in the second step the moderator variable
was entered, and in the third step the interaction term was
included. The effect size was calculated by subtracting
R1 square from R2 square
(23). We used a significance level
for the moderated effects of a5 0?1.
All analyses with gender as the predictor or moderator
variable were adjusted for future education and grade,
and all analyses regarding future education were adjusted
for gender and grade. The statistical analyses were con-
ducted using the SPSS statistical software package version
17 (SPSS Inc., Chicago, IL, USA).
Results
Sample characteristics
Pupils with higher future education plans and girls reported
a lower mean SDC frequency compared with pupils without
plans of higher education and boys (Table 1). Pupils not
planning to enrol in higher education and boys also had
higher scores on all potential mediators.
Mediation of the gender–sugar-sweetened soft
drinks consumption association
The overall association between gender and SDC con-
firmed that girls had lower consumption frequency than
boys (regression coefficient B521?06, 95% CI 21?30,
20?83; Table 2, path c). Table 2 also shows the associa-
tions between gender and the potential mediators (path
a), the associations between the potential mediators and
SDC (path b) and the mediated effects (ab). Preferences
explained alone 56?9% of the variation while attitudes,
accessibility and modelling explained alone 51?0%,
27?3% and 12?5%, respectively. Combined the mediators
explained 63% of the gender variation in SDC. The direct
effect of gender on SDC was still significant after adjusting
for the mediators (Table 2, path c0).
Path c’
Potential mediators:
Accessibility
Modelling
Attitudes
Preferences
Path bPath a
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Gender
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Fig. 2 Model of the mediation paths in the association between gender/future education plans and soft drinks consumption
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Mediation of the future education–sugar-
sweetened soft drinks consumption association
The overall association between future education and
SDC showed that pupils planning to enrol in higher
education reported lower frequency of consumption
(B520?69, 95% CI20?93,20?45; Table 3, path c). Table 3
shows the associations between future education and
the potential mediators (path a), the associations between
the potential mediators and SDC (path b) and the mediated
effects (ab). All mediated effects were significant, with
modelling explaining alone 69?1%, while accessibility,
preferences and attitudes explained alone 43?7%, 30?5%
and 29?6%, respectively. Together, the mediators explained
80% of the variation in SDC. The direct effect of future
education on SDC was not significant after adjusting for the
mediators (Table 3, path c0).
Gender as a moderator of the association
between the potential determinants and sugar-
sweetened soft drinks consumption
Significant interactions between gender and accessibility
(P5 0?028), gender and modelling (P5 0?003) and gen-
der and attitudes (P5 0?033) were found. Stratification by
gender showed that the association between attitudes and
SDC was stronger among girls (B5 1?25, 95% CI 1?11,
1?39) than boys (B5 1?00, 95% CI 0?83, 1?16). The
association of accessibility with SDC was stronger for
boys (B 1?57, 95% CI 1?41, 1?73) than girls (B5 1?37, 95%
CI 1?25, 1?48). Also the association of modelling with SDC
was stronger for boys (B5 1?55, 95% CI 1?39, 1?71)
compared with girls (B5 1?26, 95% CI 1?12, 1?48). The
differences in explained variances (R2) of the potential
mediators were small, ranging from 0?001 for preferences
to 0?004 for modelling.
Future education as a moderator of the
association between the potential determinants
and sugar-sweetened soft drinks consumption
Significant interactions between future education and
modelling (P5 0?038), future education and attitudes
(P50?001) and future education and preferences (P50?001)
were found. Stratification by educational plans showed that
the association between modelling and SDC was stronger
among pupils with plans of future higher education
(B51?56, 95% CI 1?40, 1?71) than among pupils without
plans of such future education (B51?30, 95% CI 1?51, 1?45).
The association of attitudes with SDC was stronger among
pupils without plans of higher education (B51?29, 95% CI
1?12, 1?45) compared with pupils with plans of higher edu-
cation (B50?92, 95% CI 0?78, 1?07). Also the association of
preferences with SDC was stronger for pupils without plans
of higher education (B51?35, 95% CI 1?16, 1?53) than for
pupils with plans of higher education (B50?99, 95% CI 0?86,
1?13). The effect sizes, measured by the differences
in explained variances (R2) of the potential mediators,
were small, ranging from 0 for accessibility to 0?006 for
attitudes. This means that the interaction effect accounts
for up to 0?6% of the variance in SDC.
Discussion
The present study supports earlier findings regarding
gender and educational differences in SDC and further
suggests that these differences were strongly associated
with gender differences in attitudes and preferences and
educational differences in accessibility and modelling.
Significant, moderating effects were found. The associa-
tion between attitudes and SDC was stronger for girls,
Table 1 Soft drinks consumption (times/week, mean and standard deviation) and the potential predictors and
mediators by gender and future educational plans: Norwegian 9th and 10th graders (n 2870, mean age 15?5 years),
Fruits and Vegetables Makes the Marks (FVMM) project, 2005
Number of
questions
Range per
question Mean SD
Soft drinks consumption 1 0–10 No plans of higher education 3?2 2?7
Plans of higher education 2?4 2?2
Boys 3?3 2?6
Girls 2?3 2?2
Accessibility 3 0–10 No plans of higher education 6?8 5?1
Plans of higher education 5?6 4?6
Boys 6?8 4?9
Girls 5?7 5?0
Modelling 4 0–10 No plans of higher education 10?6 6?8
Plans of higher education 8?3 7?0
Boys 10?0 6?3
Girls 9?1 6?3
Attitudes 3 22–2 No plans of higher education 21?3 3?2
Plans of higher education 22?2 2?9
Boys 20?9 3?2
Girls 22?5 2?8
Preferences 1 0–10 No plans of higher education 7?9 2?7
Plans of higher education 7?2 2?3
Boys 8?2 2?4
Girls 6?8 3?0
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Table 2 Mediated effects in the association between gender and soft drinks consumption by accessibility/modelling/attitudes/preferences: Norwegian 9th and 10th graders (n 2870, mean age
15?5 years), Fruits and Vegetables Makes the Marks (FVMM) project, 2005
Path c Path c0 Path a Path b
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI ab 95 % CI
Soft drinks consumption
(times/week)
21?06 21?30, 20?83
Accessibility (0; 17) 20?78 20?98, 20?59 20?33 20?50, 20?17 0?87 0?81, 0?93 20?29 20?43, 20?15
Modelling (0; 110) 20?91 21?11, 20?71 20?15 20?31, 0?00 0?86 0?79, 0?92 20?13 20?26, 0?00
Attitudes (22; 12) 20?53 20?75, 20?31 20?51 20?61, 20?41 1?05 0?95, 1?16 20?54 20?66, 20?42
Preferences (0; 110) 20?46 20?68, 20?24 21?48 21?75, 21?22 0?41 0?37, 0?45 20?61 20?73, 20?48
All mediators 20?39 20?57, 20?21 – – 21?57 21?80, 21?34
Path c, total (overall) effect on soft drinks consumption; path c0, direct effect on soft drinks consumption when adjusted for the mediator; path a, association between gender and mediator; path b, association between
mediator and soft drinks consumption; ab, mediated effect using the product-of-coefficient test.
All analyses are adjusted for future education plans and grade. Gender is coded 0 for boys and 1 for girls.
Table 3 Mediated effects in the association between future education plans and soft drinks consumption by accessibility/modelling/attitudes/preferences: Norwegian 9th and 10th graders
(n 2870, mean age 15?5 years), Fruits and Vegetables Makes the Marks (FVMM) project, 2005
Path c Path c0 Path a Path b
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI
Regression
coefficient 95 % CI ab 95 % CI
Soft drinks consumption
(times/week)
20?69 20?93, 20?45
Accessibility (0; 17) 20?40 20?58, 20?20 20?35 20?51, 20?18 0?87 0?81, 0?93 20?32 20?44, 20?16
Modelling (0; 110) 20?21 20?41, 0?00 20?56 20?71, 20?40 0?86 0?79, 0?92 20?48 20?61, 20?34
Attitudes (22; 12) 20?49 20?70, 20?27 20?19 20?29, 20?09 1?05 0?95, 1?16 20?20 20?31, 20?09
Preferences (0; 110) 20?49 20?70, 20?27 20?52 20?78, 20?25 0?41 0?37, 0?45 20?21 20?32, 20?10
All mediators 20?14 20?31, 20?04 – – 21?20 21?42, 20?97
Path c, total (overall) effect on soft drinks consumption; path c0, direct effect on soft drinks consumption when adjusted for the mediator; path a, association between future education plans and mediator; path b,
association between mediator and soft drinks consumption; ab, mediated effect using the product-of-coefficient test.
All analyses are adjusted for gender and grade. Planning higher education is coded 1 and not planning higher education is coded 0.
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while the association between accessibility (and model-
ling) and SDC was stronger for boys. The association
between modelling and SDC was stronger for pupils with
plans of higher education, while the association between
preferences (and attitudes) and SDC was stronger for
pupils without plans of higher education. However,
although gender and future education plans statistically
significantly moderated these associations the moderation
effects were too minor to be practically relevant; and the
associations between mediators and SDC were always in
the same direction for both genders and for those with
and without future education plans. A previous review
reported that gender was the most convincing moderator
regarding intervention studies, where in general girls
responded better to interventions addressing energy
balance-related behaviours than boys(22). However, the
two included studies on soft drinks consumption showed
mixed results(24,25), with only one showing a significant
moderating intervention effect by gender(25). Our hypo-
thesis that gender and education plans would moderate the
association between presumed determinants of SDC and
intakes was thus not supported by the data. This is of
importance for interventions and policies; the results of our
study do not appear to justify targeted approaches – i.e.
different messages or approaches according to gender or
education plans – in interventions aiming to reduce SDC in
secondary-school pupils in Norway.
Disparities in SDC in relation to gender(7,8,10,11,17) and
level of education as well as other indicators of socio-
economic position(7,10,11) have been well documented.
However, no studies explored what could explain the
relationship between gender/indicators of socio-economic
position and SDC. Earlier, preferences and perceived
accessibility at home had been reported to be the strongest
mediator of respectively gender(7) and parental education
disparities in fruit and vegetable consumption among
adolescents in Norway(26).
In the current study, modelling by family and friends was
not only associated with SCD, but also with future educa-
tional plans, and identified as a significant mediator. If
indeed pupils with no plans for higher future education live
in families or have close friends of lower socio-economic
position, it can be expected that their family and friends
engage in more unhealthy behaviours, e.g. high SDC. It is
well known that family and friends’ socio-economic position
is related to engagement in healthy behaviours(6,11). Future
intervention programmes addressing educational disparities
in SDC may therefore need to take into account the pupils’
accessibility and their family and friends’ behaviours. That is,
such intervention programmes should especially be focused
on reducing accessibility of SDC in the home and school
environments: banning of soft drinks vending machines
in schools, for example, and try to provide positive role
models in the home and school environment.
In addition to being associated with SDC, preferences
was also associated with gender, and found to be a
mediator of the gender–SDC association. Preference has
also been reported as the strongest mediator of the
association between gender and fruit and vegetable
intake(27). Preference is a strong driver of intake, and our
finding suggests that success in interventions to reduce
SDC will be harder among boys.
The present study has some limitations. The reliability
of the specific SDC intake was assessed (test–retest
reliability was relatively high; r5 0?72) and the relative
validity has been assessed among 6th graders using
similar frequency questions for a range of food and drink
intakes indicating acceptable validity(20), but the relative
validity of the specific questions used in the present study
was not tested. The current study is based on cross-sectional
data. In order to explore further and gain more insight to
whether the potential mediators really can explain the
observed variance in SDC and whether gender and educa-
tional plans are significant moderators, longitudinal analyses
as well as intervention studies are needed.
Conclusions
Accessibility, parental and peer modelling, attitudes and
preferences were the strongest mediators of educational
and gender differences in SDC in Norwegian secondary-
school students. This suggests that future interventions
should address modelling and preferences in order to
decrease the gender and SES disparities in SDC intake.
Lack of substantial moderation indicates that interven-
tions on reducing SDC for girls and boys, and students
planning to attend higher and lower levels of education,
should target the same mediators, namely accessibility,
modelling, attitudes and preferences.
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Appendix
Overview of the questions and statements used for assessing the potential mediators of soft drinks
consumption and the response alternatives/scores
Potential mediators Questions/statements
Response
alternatives (n) Response alternatives (scores)
Accessibility 1. How often are soft drinks to be found in your home? 10 never (0)
2. How often are you served soft drinks for dinner? less than once per month (0?1)
3. How often does your mother/father serve you
soft drinks besides dinner?
less than once per week [0?5]
once per week (1)
y to
every day (7)
Modelling 1. How often does your mother/father/siblings/best
friend drink soft drinks?
10 never (0)
less than once per week (0?5)
once per week (1)
y to
every day (7)
several times per day (10)
Attitudes 1. Soft drinks are well suited at meals 5 I totally agree (2)
2. Soft drinks are well suited as a thirst-quencher y to
3. Soft drinks are good for your health I totally disagree (22)
Preferences 1. On a scale from 0 to 10, how tasty do you find soft drinks? 11 0 to 10
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